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Diffuse-Reflectance Mid-infrared Spectral
Properties of Soils under Alternative Crop

Rotations in a Semi-arid Climate
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\IERI E F \ lOlL DA\ ID C \IFI SE\ JOSEPH 0
BENJAMIN,’ AND JAffiS B. REEVES HI2

‘U,S, Departm nt of Agric.u lture—.Agricuitural Research Service. Central Great
Plains Research Station, Akron. Coiorado. USA
CS. Departrrent of Agriculture—Agricultural Research Service, Environmental

Management and ByProduts Utilization Laboratory Beltsville Mary land
USA

We carried out midAnfrared (middR) spec trot inteipretation of soIls 0—S ‘md 5—15 cm
deep in selected alternative crop rotations (A CR) treatments and an adjacent native
urairie soil. Ashing and spectral subtraction shows that absorhance at 3700—2150 and
1700-1550 cm indicates organic absorbance, Prairie soils, with their ereater carbon
(C,i content, have dWrenr spectral properties from the cropped soils Prairie soils have
greater absorbance at the 2950—2870 cm’ and the 1230 cnr’ CH bands. The soils
from the dfffrrem depths had different spectral properties, with the soils 0—5 cm deep
having stronger absorhance at the 1055 cm0 carbohydrate band, at I 221i—i460 cm,
and at the 1 730 cn0 erer band. The soils 5—15 cm deep are characreri7ed by greater
absorbance at the clay hand. Soil C’ and nitrogen (N) correlated negatively with the
3700 cm’ clay band and the .1830 cm’ quartz band and correlated positively with the
2b20 cm’ because of aliphatic CH absorhance,

Ke’4ords Crop rotal ow :ntrared spectsoscorv cnd carbon, wheat

Introduction

The otis of the central (reat lPatns sustan one of the most :Tnpm11anL heat0-used corn—
e•cosvstem.s in the world. These soils in their native itate were. ferti.ie and provided good
crops after the pioneers broke sod. Wheat (Triticum aestivum LA-fallow (WF) w as adopted
— 2 or o’ 1 ‘o ‘o (0

C (0 0 0,. ‘c ‘ —

reduced soil organic matter because of the lack of photosynthe.s.is during the fal.low phase.
The virgin grasslands lost up to •78% of soil organic carbon ‘C) 2..5 years after .cultivcjtjon

iv a B nd -t v” ‘
i rjn ,, 10

near the curiae-c 0i a Colorado silo that 45 rr.kOn’mO.. uncier raricremaisd (Bowman et
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i44 F 1. Catdern er

Wh.i.Ie the detrinienta.l effect f c.u.Iti..vating native rairie soil has been well doc
urnented. the replenishment of soil organic matter SON! 1w aliernati’e .igronoinic
managements is a very active area of research, Notill management may allow for the
dim nation of fall.ow peri.ods because surface crop residue permits more precipitation stor
age in the oil pru(ile. and the intercrop period allots for soil rt-nic \ mtneralizat.ion

1983j. Reducing fallow frequency has the potential to ameliorate soil organic car
boo (SOC) losses near the surface by increasing the supp.ly of crep residue to the soil
.Peterson ct al. 998: Bowman et al. 1999: Nlikha et al. 2006). The alternative crop rota

ns \( R s u i in ir’. pr hit Is t irrJ m t e\t ta Jresin the
fallow frequency in wheat.based no.tili dryland rotations affects annualized crop yields and
hiomass, soil quality, grolits. and water utiliz’ation Anderson et al. 1999t. A previous anah
v5is of the ACR data. 7 ears after the start of the experiment. showed that reducing fallow
frequency tan result in greater SOM at the top 5 c.m due to increased and more conti.nm
OU% production of r p biomass thowman et il i999m uhsequent studs 1l sears
after the establishment of the research plots, found that croppine intensus increased soil
microbial biomass and enzyme activities at 0—5 cm deep, and undisturbed grass sites had
the greatest microbial biomass compared to the cropped Sr ik (AcostmM a’tmez Mikha
,nd \ iii ,t ) 1’ Th, same sftj&ji. ilso sho th it nore trequent roppinp resulted in
different soii mmcrohial ccmposition according to fatty acid profiling. Benlamin, Mikha.
tnd Vibil (2008) observed that 15 sears after the establishment ot the ACR nermanent
grass and ssheat—corn-—miiiet plots had increased SOC and macroaggregation relative to

wheat—fallow,
The sustainahilitv and profitability of dryland agriculture depends on multivariate

interactions (i.e.. biological, chemical, or soil ph’sical properties) that affect soil qual
dv and functioning, It is essential to understand not only how management affects SOC
quantity but also SOC quality. It becomes especially important to know how the chemical
composition of SOM relates to the stability of soil C in a C sequestration context and also
how SOM quality affects’ nutrient availability and crop performance.

Diffuserefiectance Fouriertransformned rniddnfrared spectroscopy (mid4R) can he
used to ascertain the quality of soil organic m.a.tter via spectral interpretation.. MidrfR has
recently been used. to reliably quantify soil C content (McCarty and Reeves 2000: Reeves.
McCanv, and Reeves 29c) 1; McCafl.v et al. 2002). Besides mc.asubng the total C, mid4R
spectra (4000-400 cm”) have information about many soil chemical traits such as clay.

i1 v’’t n i ,h iiies “ar e1h. ‘ ud )P \4 i ‘.u yr
, I 4 , tO Hohe r .r ,flu C zaritk 9 Bee ano Biu 9 an

et al. 2007). Soil quality indicaters such as those provided by mid$R can be use.d to comi
oare how d.ifibrent .a .ronomic t.reatmen.ts affect soil C and can be used to understand how
to nemnlze the su-stamnahiimtv of d.ryi,mnd aencultute. Although previous studies evaluated
the di.fferences in organic C content in the ACR. (AcostmMartinez, .Mik.ha, an.d Vigi.l 2007:
IV’, iam r Mmkb i sod imi 2fl(’i n, dmi hi e bun “,“1is”-d yar ic
‘‘ uatitv.

W’è hypothesize that reducing fallow frequency will cause diffe.rences in soil C’ quality.
Tho tuJv compared he mid4R socLe.ra nrooem” of eatis’ or moe cid sCR rec mrcn
pints that included rass and seseral crop rotations after 15 ‘.ears of establishment. Our
objective’s were to ci) use multivari’te analysis to pinpoint the soil spetral c.haracteristi.cs
of the different crop rotations and depths, (2) carry out spectral interpretation to shed light
on the chemistry associated with the treatments and depths. S distinguish between somi
orgamc absorbance and soil mineral absorhance, and (4 evaluate soil components such as
clay, silica, protein, humic ac.id, and starch using n.idafR
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Materials and Methods

The stud was arricd out on the ACR plots near Akron. Colorado 41> 1 5 N and
103. i5 W. 1384 in elevation). This ama is i.n the High Plains of the United States where
winter whe.at dominates dn1and crop pro luc.tion. The plots receive approximately 420 mm
precipitation annually. although 2tXU20U5 were drier than average, with 2002 receivin
less than 240 mm for the whole year. The soil is mapped a Weld si.it loam fine, srnecfitic.

Aridic Paieustolls). The s.ampiing depths in this study span the Ap horizon (Q1 20
nim, which has a iit loam texture with approximately 224 clay, and part of a Br I horizon
of silty lay loam texture• with appwxrmateiy 323 clay.

The ACR. experi.men..t started in 1990 to test WF a.gainst several more intense crop iota
rio ns, Details about experimental desien. plot establishment, and initial yields can be tound
in Anderson et al. i 9993 and infonnation about plantine dates, agronomics. and weed com
trol can be found in Ac.osta Martinez, Media,. and Vigil (200 ) and Benjami.n, M kha, and
Vigil (2008 The rspvrimrrtal des gn is i and mzed mptLte h . d. ‘ ith three remi.. ite
per rotation treatment, where each phase of the rotation is present every year. The following.
rot mon treatments were selected for this studs wheat—orn—tallow (WCF wheat—c orn—U rni11et—tdlo (WCMFI wheat—torn mu1et-pc tCM”ea hctnorn—niiHei StiCM
wheat—fallow conventional till WFCT), wheat-faliow no till WFNT undisturbed
planted grass plots (grass) mostly of smooth brome (Bromus inermis), and undisturbed
native pasture (prairie). The prairie, ‘x rich is adjacent to the ACR experiment hut not part of
be andomiied de’.ign has 1 imxture ol hIugrama Bcarelouo r,ra. to and butt ilora

tBuchleo daclyloides). Cropped plots received ammonium nitrate according to projected
crop yield and soil tests, but the grass and prairie sites were never fertilized. All the crop
rotations were under no-till management except the WF-CT. which was tilled with V-blade
undercutters for weed control. Weeds were controlled in the no-nil plots with atrazine and
glyphosate. Soil pH ranged from 4.3—5.8 for 0- to 5-cm depths and 5.1—6.1 for 5- to 15-cm
depths at the time of sampling (Acosta-Martinez. Mikha, and Vigil 2007).

Soil sar pies were obtained in March 2005. 15 years after the start of the ACR. Ten
2.53-cm diameter cores taken randomly from each replicate plot and depth (0—5 and 5—
15 cmi and were composited to make each Soil sample. The samples were sieved (5-mm
mesh and then stored at 4 :.C

‘Si
5)-n

Soil Analysis

Microbial biomass C and nitroge.n (N) (MB C. MEN) were measured on fresh soil (15 g
— ry flj leflO us ig 0e fucug s-sr ..tr’r met0od 4 5Cr .. s qO k

I 19873 detailed in Acosta-Iviartinea iikha. Viii 1)071
41.1 soil sa.m 45 were air dried, ground with a mortar and pestle, and rhe.n analyzed

fOr total soi..l C and N with a LEC(.) E.lemental Analyzer (LECO Corporation, St. Joseph,
MPh. 3 The dried 1nd around soils were also scanned neat (riot ashedi in the mid- IR 4000
to 400 s m L) on a Digilab FTS 7(XS) FOurier tran.sfon.n spectrometer (V/alan, bc., Palo
Alto, Carif.) hrted. with a Pike AutoD[FF automated 4.iffuse reflectance sampier (Pike
Technologies, Madison, \Vicc.). The CI’S 700f) had a potassium bromide. beam splttter
and a Peltie.r-c.ooied deuterated triglycine sulfate detector. Potassium bromide was used as
hackgrotind. Data were acquired as pse.udo-absorbance (log. Fl/reflectance]). Pesolution
was set at 4 cm1 with 6$ co-added scans per spectrum.

Besides the soil samples. we also scanned authentic standards of bentonite clay, starch,
hunuc acid silica md casein to show the spectral properties 01 important ‘sOt’ comPonents
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!nt’rarerl Spectral Pmpeniec ci Soils

Table 1
Means and standard error of the mean SEM) from the two soil depths. obtained

from the alternative crop rotations experiment in 2005

lVc’ cm deep 5--15 cm deep

Vdriahii.. Mean •SEM Mean SEM

fotj \ kg l0 ijfl thu
Total C (g kg 10.26 032 639 0.14
C to N ratio 1, 1,04 0.14. 1 1.08 0.16
Bilk JLf’It oc I 45 9 34 011
Nitrocen mg ha ) 0.69 0.02 0.89 002
Carbon (mg ha ) 7.54 0.22 9.79 0.21
MBC(rg kg°) 95.72 9.12 63.2.5 4,97
\IBN (g.c kC 8

10 19.31 1,83
>

Notes. The data are the sverages from all the AC.R crop rotation treatments . The Prairie
data not inc.iudee. MBC i. mi.crobl.ai hiomass carhon. M BN is microbial hiomass
nitroaen n 60. ‘p for MBC and MEN.

-E The WE treatments had statistically equal soil N values regardless or conventional er no
till, hut the no-till treatment had significantly greater soil C than the conventional till at the
0- to 5-cm depth. This is not a trivial increase, amounting to 1.3 Mg C on a per ha basis
(Table 2). This tendency was not observed at the 5- to 15-cm depth tTable 3). These results
suggest that at this stage of the ACR experiment, we are beginning to observe the increase
in topsoil SOC often attributed to no-till systems (Reicoskv et al. 1995),

The soil C to N ratio is an indicator of the decomposability of SOM. Low C to N
values are associated with less SOM stability and potential C loss from the system. The
C to N ratio varied between the ACR treatments, with the lowest value on the WF-CT
manIc 2 1The ara treat em hid ster huk len%it\ I’ in hc. naJorr t hi. .rap

rotations, Jabie 2 Sod compaction can be problematic n these soils Beniamin. Mikha.
and Vigil 2008’), and our data show that permanent grass, can decrease soil bulk density
compared to cropping. The NT arid CT were statistically indist.inguishabie in the WF treat
en l ‘3 ra ete P k ‘ ma e

and thc compamed hs high C and N contents. The hIBC also trending reater’ n the
grass relative to some of the crop rotation soils. Even though the M.BN in. the grass plots
was up to 50% greater than in the WCMF, the dit3Erence was ant statisticall sinificant.
The effects of crop rotation on microhai hi omass .vere the most flrnflfljjflcQ of all the soil

underscsarinc. that soil soCrCes are qu.h 91y and markedi sensitive, to changes
in agror’omic management, Ir.ore so tha.n soil C and N. Similar fattems were found for
enzyme activitl.es and microbial diversity in these. treatn .ents lAcosta Martinez, M’ikha. and

.0 Hi ‘ ... e” 1..e .00 .t . s. p - . S
r,,j ,. n mid Nbc sO se5La anws . e ian thin the k er rosdilons

As with, the shallow samples, the prairie soils have more total soil C, N, and microbial
bioma.ss than the cropped soils at the 5- to ii.-cm depth (‘Table 3). Note that even am. the
5’ to 15-cm depth. the prairie, soil has more soil C. N and microbial biomass per unit of
weioht than the 0- to 5-cm soils from the A(’R cropped sites tTahles 2 and 3;. Within the
..ACR sites. the” grass plots ha’d gre..ater total soil N. greater MBN, and lower bulk density

“ ridic inc ib it am h . the nets nt 0 mc 1 hi
.. r’ h r .1 6
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Infrared .5ecrra1 Properties ut SoiLs 2149

Table 3
\len s1ts 1roLn thL eight ioppmg treatmints deepi r’t a ied tr.1In the

aiterinaive crop .rotatioas ex.pe.ri:.ment in 2)05
Vphi WCF WCMF WCMPea WCM WFCT \VFNT Grass Prairie
Thral N (g kg) (562* o60 064 (555 (55 * (56w 1 28
Total C g•k’) 5V C77 679 6:39k 6.12’ 7.52 12.36
C to a 10 i i iu So w 2 11 2 I 2 11 iiQ 062
Bulk density (tag m I.48’ 1.52’ ii0’ L54’ 14*d 45 13g 136
Nitrogen (tag ha) pgjab 0*3°’ 090, fl99. 97555 9745 99355 1.74
Carbon one ha i (567 H) 26’ 96* ift47 0,0* t.S3 10.35 16.79
MBC((Igkg°) 4993 66*s 66..i3 33fl 973 53.23” 94.32’ 230.95
MBNI4Lgk°) 1548°’ 19 13 g75 22 62’ 27 7’° 15 52’ 30 15’ 52 39

Nioes. MI3C is microbial hioniass carbon, MBN is microbaI biomass mirogen. Means within a row
tna io iot share a Ion rce kitur are sigmia. tnt1 Jifterent according to Dcncao s a ultiponrange

...

. .. test (.P <0X:”6’)Pn1i.de lita ata not 1& iudS&iil the natistical comprinson.

ifa. th
...‘

.‘ ••••

have similar total C vaiues, indicating
that the decline in total C in the WFCT at the pr to 5cm depth is nor simply a redistribution
of surface C to deeper soil through tiHage.

Spectral Properties ofAuthentic Standards

Bentornte has a prominent peak at 3622 cm (Figure 1), which indicates hydroxyl stretch
dig in clays or aluniinosilicates (Nguyen, Janik, and R.aupach 1991 .s This clay feature

appears in soil spectra nh reIanelv lo interterence dad 15 present in the ph’sica11y
separated claysized fraction of corn belt soils (Caldertin et a!., 201 1). The starch absorbs
at the broad band around 3400 cm for OH stretching, which can also be observed in
the soil light fraction, hurnic acid, as well as most lightweight material of plant origin
(Haberhauer and Gerzabek 1999 Calderdn tat al 2011) Starch and to a lesser extent
case r and 0n[nlc aid a cto at 2XTh—290 Figure u a spcctrm egion fla
indicates C:H in methyl and methylene groups. These bands have been found to be high
in soils rich in organic C and are present .in humic acids as well (J:anik itt aS 2007). The
silica spectrum shows absorbance at three peaks between 2000 and 1790, which arc quartz
overtone combination bands, and like the ci..ay band occur inn region rc.iadvely free of i:iaier
ference (Nj.’u*en, Ji.anik, and Raupach l’991), The casei.n spectrum has two peaks at 1660

— and 1551) cm” that are due to amide I and [I absorption, and these bands are imr,ortant in
soil organic C determina. tions t’J.anik tat al. •‘t)t’•’ S&k:hot et al,. 2’007), Htimic acid, which
can conidin N, ‘can .r:i.p, abs:o:rb stronf”.’lf’ In ‘thit td’f) c.nf’ i’fririn (Shirq’5ova C. abbour,
and Dav es 2006?. Absorbance at 1580 cm”’’ in the humic acid is due to aromatic C’C.
and this band has been observed in the stable fraction of organic tea‘tier (LInet’ and. Bi.ot. ‘en
191.1 9; Satithtit itt aS 2007’. The i..384 peak observed in the btimic acid it pctta”ib’ly’ a cc”ne
‘nar ,on nra,. i 1’,rr on r Ca) ,rec.hinu mr a on’. a dii oH .md CO narth
however, that humic.’ acids vary i..n this”. region, and Shirshova G’hab’bc’uj’, and D’avies (2’OOti)’
did not report strong humic acid tduorhan’c.e ti.t I 3’.84 can“ , Janlk et iii. (2007) showed thtit
the spectra from agricultural soils form a’ broad peak between 1270 and 1360. a spectral
region relevant for soil organic C prediction. .Bent?’,.ni.te’ has’. pron...’ini...nt pe.’ai’.i” a’t 1260 and
651.” ci’r”. l’il..i.c’a has..’ peaks a’t 1100, 800, 70’.i’, 520, 470, arid 4.”:,X” c’m” possibly due to
Si () ‘.tr tching md bendii cr OH bcndmg ita rpta, n’. Maic. a 2 JO St ‘3i ibs ‘‘‘
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dominated by organic ahsorhance in soil spectra. Fiance I shows that casein. ltarch. and
hurnicaJ..cl all ahs.orh in th;i..s band, anti this region corretates smib total C and N in. this
set of (toils The s:harp acid peak: a:t 1.650 cnr also a mt:istlv rwt:attie bimd

— ad I 011 ,4ra,fl 1’c’ fl’TcC)s rr

soil tThciObial. bion.iass..
Thi. V.flF NT suhtra:cted spectr. a from 0- to 5-cm and 5- to 15-cm depd s follow a very

similar pattern from 4000 to 1320 (Figure 2a;, However, the two depths have different
subtracted spectral patterns from 1320 to 400, with the lower depth having more mineral
absorhanee in. this region compared, to the su. ‘ce layer. Figure 1 shows that silica and.
hentonite clay have several spectral features in this region at 11(X), 800, and 650 cm
aftl An mc or0 at e Uti lard atao snow smote leoturea in tam smnge Finrc a ha ‘
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that I 330 cm is possihl a hand dommated h\ mneral absorption and forms a necatise
feature in the 5 to 15cm depth subtracted spectrum of the \VPNT. This band forms a
shoulder on a peak at 1260 cm on pure day spectra Figure 1

Similar to the WFNT. the subtracted spectra of the prairie soil have the greatest vai
ties it the broa.d 3400 cm OH/NH: band, the 870—2951) cm aliphat.ic CH band, and
the 100—1550 cm region (Figure 2b) with the shallow samples basing greater ub
tracte.d absorbance from 1000 to 40(0 cnr’. The carboxvl.ic O•H. ban.d at 2.600 c•m, the
protein peak at 1554, the C-O peak at 1442. cm, and the aromatic peak at I 230 cm
are all ereater in the prairie shal.Iow rails subtracted spe.ctra. Absorbance at 1650—1660
and 1556 cm (amides, humic. acid), .1581 cm (C=C i.n black carbon), and 2870—295()
cm talky! CR4 have all been found to he important in mid$R calibrations for soil C
in a different set of soils are iJamk or a!, 2t37 Our subtraction data suggest that these

ind% m h.ne idei apll tt1on u r m rkinL the nreLne d hivh ry miL nutter in

wider variety of samples. On the contrary. Jarnk et a! ‘2007) found that hands between
I ifld .,.‘1 Ln iu\ei’. CphufleU b at&\’ C ti trumdnL CR nd arb h\ di ate

have high partial least squares regression coetficients for soil C and particulate organic C
q ia ItitiLati m We see r ‘n a’ subtradtlon ip[r ,ach that thL ma be ci mostis nnnLrO

origin in lower depths of cultivated soil. It is possible that there is a negative correlation of
these bands with soil C. These bands between 1400 and i000 cm vary in their mineral
or organic character depending on the soi.l type, with the greater organic matter and surface
soils having more mineral absorption in this region.

The prairie soils differ from the WF-NT in that the region between 1340 and 400 crn
has very similar values between the 0- to 5-cm and 5- to 15-cm depths, mostly above zero,
suggesting that in both depths. absorbance tends to be from organic origin. Tables 2 and 3
shows that the prairie soils have much greater organic content at either depth compared to
the rest of the treatments, and this has resulted in a stronger iniluence of organic material
in the absorbance spanning the mid-lR range.

Principal components Analysis PcA.;i

The PCA resolved the prai.iie samples from the crop rotations and grass plots, with the
pra.inie sa.mpies having more negative values along component 3 (Figure 3). The crop
rotations, however, did not have, different spectral properties among themselves according
to PCA. Component 3 loadings indicate that the prairie soils absorb more at the 2950—
280 cm hand for ahnh iti CH Haberhauer tad Gerzabek I ($9 Janik et at 2007
Sarkhot et al. 2007) and at the aramat.ic -C.H ba.nd at 1230 cm’ (Janik et at 2007i seC
at.ive to the t.oils from the cm p rotations (Fig,u.re 3 . Th.ese two spectral fe.atures point to

canv m-m itert I i ii s,rrart 34
cm’ feature js, close and could potentially he masked 1’s’ clay absorbance at tc’ tas m
he tet The. bands at 2950 .2870cm ‘ are also present in starch, humic acid, and casein

I C C “E i ‘as “ v’ Jt”a I I I ji F 2
Component 3 loadincs also indicate that the crop rotation soils as a s hole absorb at the
I 70-feh’heO cm’ quu cvanone .regi.on a.nd .at t.he clay O.H. l.vi.nd at 36i40.. u.nder.scorine
the more mineral nature of. the cultivated. soist.f’Igure 4). Note t.hat the grass plots, even
with their gren.ter soil C content (Tables 2 and 3), still had more s.pe.ctri..i properties, and
thus soil C quality, similar to the crop rotation soils.

Tl.ie. same PCA as i.n Figure 3, iris time coded by dep.th (Figure 5), shows a depth
effect, with the 0- to 5-cm samplet.. having lower scores than the 5 to iS-cm sampit.s along
component )... Component 2 loadings indicate that the 0- to 5-cm soils absorb mere than
the m soils at he d reaton betu0eii i234 md 116t vm Figare tit oc
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Figure 3. Principal components analysis of the midinfrared diffuse reflectance spectra of prairie
soils iedi rass (green) orn heat talloss pink om—millet4a1Io heat tkres) com- niillet-
pta ‘ he it (maroon om rniIiet- heat I light blue tallou—s teat on ennonal till ello md
fallowwheat no till (biue, Both depths are included in the PCA. The percentage of the total spectral
variance accounted for by each component is in parentheses (color figure available online).

at 1352 am is possibly due to organic absorption because thts band forms a shoulder on
humic acid and starch spectra (Figure 1), and it is in the region of CH absorption in aliphat
ics, as well a.s phenol.ic, or COO stretching vibrations in oxidized black carbon (Janik as al,
2007). The th to 5cm soils also absorb at the carboxylic acid/ester band at i730 cm,
which is important for soil organ.ic C determi..nations (Janik et al. 2007). Our results show
that these ester bands represent labile soil C and thus decrease with depth. However, Cox
et al. (2000) state tha this band is also characteristic of soil humic comprrunds. Loadings
show that the th to 5crn soils also absorb at (055 cm wh.ich is a polvsaccharide hand.

r 2 — 3 1 U i

hr o :
101,. iw I o -i’ .

1C I bç T

ommmenrjrl UlisO (Ficure I hut spectral ‘,ijhtricri.p shuns that the 502 cm band can
Ic acn: ‘0 ig ‘0,.

tra. in turn, are characterized by g.reater absorhance at the 362.0 cnO0 clay hydroxyl hand
according to PCA loadings (Figure 6).

Correlation Analysis of Spectral Data and Analytes

We determined the correlation coefhci.ent (RI to find out if absorhance at specific mid
i[R bands can denote soil quality indicators. The spectral data were correlated against soil
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Figure 5. Principal components analysis of the midinfrared diffuse reflectance spectra of 0- to
5-cm-deep (white) arid 5- to 15-cm-deep (black) soil samples obtained in 2005. The percentage of
the total spectral vanance accounted for by each component is in parentheses.

C (as percentages), soil N, bulk density, and microbial biomass C and N. We used the
whole set of soils (both depths together). Only total soil C and N achidved correlation

3. R scores creater that 0.5., and both analytes foHowed a cern similar onem of R scores
at Figure j The yreatcst a00olute R alue for toLi’ C were at 17(10 cm IR = —1) 58)

2920 e.nft (R = 0.43), and 1830 em° (R = —0.43).. Cortelation with 2920 cm indicates
a close relationship of soil C with ahphatic CR stretching ahsorhancc (Rahe-rhauer and
Gerzabek 19981; )anik et a]. 2000; Sarkhot et al. 215; ‘7), a hand eharacte.ristic. of the:. prairie
soils as indicate.d by PCA. Absorbance at 18.30 cm’ is due to quartz overtone combination

— L
‘ 1742 -‘ lc ‘ ‘ c r C

1830 cm soegests that .soii C and N dec line wjnt snl quartz content. Correlation at
1700 cm indic.ates th.at clay hydroxvl stretching absorbance. is negatively correlated w th
od C mi N ‘a sen 17 iK -C t 1051 C tr Pm Ac s’ lOvO ‘ Ad
that n, a iarge set of Ccntrcd Plans crassland sods, organic C and sotl clam contents had
a strong relationship according to regression analysis. A. correlation an.alysis of the 0- to

cm det mh exiuso clv also 00 cm Inc clas b mci as has ng m high necative Loraiatv n to
on C J tt “ t A Al so 0 ml’ tic netu coO rhe snectra’ i i hind md i C o

N is not an artifact of having clay or soi.i C differences between depths. Soil bulk density
has a correlation pattern that is generally opposite to that of the total C and N. In this study,
we show that the praine system has sc’ntlicantlv less hulk density than thc ircp rotation
treatments, while at the same time having the greatest total soil C and N (Tables 2 and 3),
which may help eltpia n the Inverse relationship hetween he soil C and hulk lencitv
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:5

Figure 7, Correlation scores between mdinfrared spectral data aid soil analvtes for the alternaine
crop rotations soils, .BD .is bulk density, MBC is microbial biomass C, and MBN is microbial biomass
N; n = 120 (color figu.re available online).

The correlation of MBC with the spectral data follows a similar pattern to that of the
soil total N and C (Figure ‘if However, the MBC R scores differ from those of soil C at

1650 and 1340 cm”* Casein shows the protein band at 1650 cm, while humic acid has
strong absorbance near 1340 cm’ (Figure 1). We hypothesize that the band at 1340 cm’°
represents stable soil C not readily utilized b microbes to produce MBC. The greater
correlation of microbial hiomass with absorbance at 1650 cni_t indicate.s a response m
absorhance due to microbial proteins. The stronger R score of soil C at 1 34(3 cm tndicates
a stronger absorbance of the soi.l C than the microbial material due to phenolic or COO
stretching vibrations in the more oxidized soil C.

Condusions

We have shown that the m.idAR. can he a very i.nilsooational iec.hn.ique. that can help inli
cate i.mportant soil quality parameters in these sites from the central Great .Pla.ins. The
PCA analysis can distingui.sh the better quality prairie soils from the cultivated soils with
their depleted, nutrient poois nd m.ic .b iai quality. This shows that absorbances

r nd 7 i iwo er wi un T

After 15 ye: rs. the .rassi.and treatment is increasing in C q’uantitv but the C .hernistrc ;.ç

measured by lR. spectroscopy us still. not like the better quality prairie .oiis,

References

Acosta Martinez, V. Ni NI. Militia, and MF, Vigil. 2007 Microbi.al cv . mmu.nities and enzyme ac tiv
i..ties in soils u..nder aiternatise crop rotations compared to wheat•—faiiow for the central Great
Plans Apned Suu SwAm t7 4 52

2000
wn (cm’)



I fit “e:•.t/

1 \I . .

- ‘I ‘. t

-‘-i -!I, . .. I’ :1. ‘i—I

ll’l l!jiti’.. p.i’.fl: S.’\ ...
‘-.-.:. 1

I i- I .
. ,II •.-

— —I’ 1— . .1 •.I
.

II (It, I

-. .S

• -_ .,-. .‘ .

:1 • I .‘•
.

• •111I ii.- cltcL ‘l . LIiu ii.Ut : •IItcII .:! I.’i lkl I’!( ‘‘‘I

‘‘
I• ‘, • f”’ ‘

•. , 1i,I SfI(i fl-S

I jj I() .:i I’...-. •••f III .ti !‘tLrIIIL.
1. 1 1 1. . - I II • •‘ • 1

•.• -.
•11-•,-•, , .‘

• I • . . . ‘. I- • ‘ .1

I I l[L 1 ‘, ii ...,‘l•, !n (,.[I,,tI,,I -I’. _I II

)91) I )ritt intl tral IUl’%k’li f-I 1k -p 1t\P 1 Iuw!
\n -1 ! •l’tnnine .lcjt’r; 9 •se It flIr-.t httr ;!.r1lII:/ Sj • p

l9-31

(Ilk I ,.illsI.t. I’ ‘htjfitil. .111(1 I pI9lflt.1 IiQ7 1 h. ‘ft’dlc’II’I( t oil ,wbun tr.k I ill

I’IIl (((II iI(tI•11L11 .ti.uI II.,I\l 1111:111’ •IlI,If,IS I4(1?t/III1l II!I?)l,1/ ‘I ‘(. ii /? •,,)i I• . -•

— \l.kii’i I ‘(HI Ii I[ flIq. In -la umcral idws ,I).,III,l! \p ir’.’p’ I fl

\lL( ir\ . ( ‘. . .irid I l. keee% Ill. .)(X) I)vchpini.nt f railnI si imental in’1hods for iit.
ill_I -. . If’’,li,( f, . . ri, ..t’,’• : /,

•p’ _,f .

‘ it i ,.‘. i i’iI ti:

I, I, • I.. II

.‘ • • . . . ..
. .., . ., 1.

II ‘ I). / (1! •1•, • I ,,
,‘ .f •, ‘ ( • . ‘• ‘ ‘ I

‘ I) \. If (
• I nI. l I 1k,.!.,. I It III I \‘ Ill’ ‘(H’’ \‘‘ri

Ti Ii I ,.sIl .1.11(9 .
- •‘‘ .1 f’Ihfl f J. SIIf ‘( ,i \I ‘III, I



(0

0-

-t

a;
00
a’

-c

0

00

C

‘0

t
‘1)

00

2:

In*ard Spectral Properties qf Soils 2159

Shirshova. L 1. [2 A Cihahbour. and (3. fto ieo 2000 Spectroscopic (haracter,zation of humc actd
fraction.s isolated from soil using different extraction procedures. Geoderma 1335.04416.

Smika, 0. [2 1970, Summe..r fallow for drvland winter wheat in tlte semiarid Great Plains, Agwnom.v
lurruit e2: 15

Snaika. 11 [2 1983. Croppin.g practices: Introduction. In Drvkznd agriculture ed. H. 0. Dregne and
\ 0 ‘Sill s 2 00205 Madison \Msc ASS ( 555 SSSA


